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7KHUHIRUHWKHVWXG\RIWKHSDUDPHWHUVDQGFKDUDFWHULVWLFVDVVRFLDWHGWRWKHVHFRPSRQHQWVLVGRPLQDQWIRU
WKH RSHUDWLRQDQG SUHGLFWLRQ RI  WKH SODQW XQGHU VHYHUDOFLUFXPVWDQFHV>@  ,W LVHVVHQWLDOO\ LPSRVVLEOH WR
PHDVXUH WKHYHORFLW\DQG WHPSHUDWXUHYDULDWLRQVZLWKLQ WKH UHDFWRUFRUHXQGHUQRUPDORSHUDWLQJFRQGLWLRQVDQG
HYHQPRUHXQGHUFRQGLWLRQVRIQXFOHDUDFFLGHQWV>@7KHIXHOVSDFHULVDFUXFLDOFRPSRQHQWRIDIXHOURGEXQGOH
DQGLWVUROHLVWRPDLQWDLQDQSURSHUURGWRURGFOHDUDQFH7KHVSDFHUPD\DOVRDFWDVILQVLQDUHDZKHUHWKH\JHW
LQ WRXFKZLWK WKH URG RU WXEH VXUIDFH LQFUHDVLQJ WKH ORFDO KHDW WUDQVIHU ,Q WKH SDVW VSDFHUPRGHOV KDYH EHHQ
GHYHORSHG WKURXJK HPSLULFDO PRGLILFDWLRQV VR WKDW D KXJH DPRXQW RI WHVW GDWD DUH UHTXLUHG IRU EHVW SRVVLEOH
GHVLJQRIWKHVSDFHU
1RPHQFODWXUH
' GLDPHWHURIURG
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'K K\GUDXOLFGLDPHWHU
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ݝDYHUDJHD[LDOYHORFLW\
&%ORVVFRHIILFLHQWRIWKHVSDFHUJULG
ǻ33UHVVXUHORVV 

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FKDQQHOPL[LQJ>@7KHDLPRIWKHSUHVHQWZRUNLVWRFRPSXWHVLQJOHSKDVHIORZVLQȋURGEXQGOHZLWKD
ULQJW\SHVSDFHUJULGURGEXQGOHVXVLQJ&)'
6LPXODWLRQPRGHO
7KH FRQWLQXLW\PRPHQWXP DQG HQHUJ\ HTXDWLRQV KDYH EHHQ VROYHG IRU VWHDG\ LVRWKHUPDO LQFRPSUHVVLEOH
IORZXVLQJDJHQHUDOSXUSRVHFRPPHUFLDO&)'FRGH6WDU&&0)LJXUHVKRZVWKHOD\RXWRIWHVWVSDFHUVXVHG
LQVLPXODWLRQ













)LJ/D\RXWRI7HVWVSDFHUV5LQJ7\SHXVHGLQWKHVLPXODWLRQV



737 S.K. Verma et al.  /  Procedia Engineering  127 ( 2015 )  735 – 742 
&RQVWUXFWLRQRIFRPSXWDWLRQDOGRPDLQDQGPHVK

7KHJHRPHWU\DQGPHVKDUHIRUPHGXVLQJWKHSUHSURFHVVLQJVRIWZDUHDSSOLFDWLRQVZLWKLQWKH6WDU&&07KH
IOXLGGRPDLQLVGLYLGHGLQWRWKUHHPDLQ]RQHVWKHXSVWUHDP]RQHWKHVSDFHU]RQHDQGWKHGRZQVWUHDP]RQH)LJ
7KHURGGLDPHWHUSLWFKDQGSLWFKWRGLDPHWHUUDWLR3'RIWKHȋURGDUUD\DUHPPPPDQG
 UHVSHFWLYHO\ 7KH URG EXQGOH KDV D WRWDO IORZ DUHD RI PP LQ WKH EDUH UHJLRQ ZLWK K\GUDXOLF
GLDPHWHU'KRIPP7KHVSULQJVDQGGLPSOHVKDYHEHHQGLVUHJDUGHGWRDYRLGFRPSXWDWLRQDOFRPSOH[LW\
)LJVKRZVWKDWWKHPRGHOLQFOXGHVPPVTXDUHFKDQQHO7KHEXQGOH5H\QROGVQXPEHULVREWDLQHGE\5H
 ݝȡ'KZKHUHݝ LV WKH DYHUDJH D[LDOYHORFLW\ ȡ LV WKH IOXLGGHQVLW\ LV WKH IOXLGYLVFRVLW\ DQG'K LV WKH
EXQGOHHTXLYDOHQWK\GUDXOLFGLDPHWHU7KHLVRWKHUPDOVLPXODWLRQVDUHSHUIRUPHGXVLQJNİWXUEXOHQFHPRGHOIRU
UHDFWRU7KHXVXDO FRQGLWLRQV RIZDWHU IORZ DW & 0SD DQG D[LDO YHORFLW\RI PV7KH5H\QROGV
QXPEHUKDVEHHQFDOFXODWHGWREH6\PPHWULFDOERXQGDU\FRQGLWLRQVDUHHPSOR\HGWRVDYHWKHDELOLW\WR
UHVROYHDOOWXUEXOHQWVWUXFWXUHVGRZQVWUHDPRIWKHVSDFHUYDQHV
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)LJ&RPSXWDWLRQDOJHRPHWU\RIWKHURGEXQGOHZLWKDVSDFHUJULG

7KHVSDFHU]RQHFRQVLVWVRIWKHVSDFHUJHRPHWU\RIWRWDOVSDFHU]RQHOHQJWKRI'K7RWKLVVSDFHU]RQHDQ
DGGLWLRQDOXSVWUHDP]RQHRI'KDQGDGRZQVWUHDP]RQH'KLQOHQJWKDUHDGGHG)LJ7KHUHIRUH WKH
WRWDO OHQJWK RI WKH ZKROH FRPSXWDWLRQDO GRPDLQ LV  'K 7KH GRZQVWUHDP ]RQH LV DJDLQ GHFRPSRVHG LQWR
VXEFKDQQHOVE\VSOLWWLQJDWWKHWRSERWWRPDQGHDFKVLGHRIWKHWXEHZDOOVIRUSRVWSURFHVVLQJ$SDYHGSULPDULO\

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TXDGULODWHUDOPHVK LV ORFDWHG RQ HDFK RI WKH IDFHV EHWZHHQ WKH VSDFHU DQG XSVWUHDP DQG GRZQVWUHDP ]RQHV
7KHVH VXUIDFHPHVKHVDUH WKHQH[WUXGHGDV WHWUDKHGUDOHOHPHQWV WR WKHH[WHQWRI WKHXSVWUHDPDQGGRZQVWUHDP
]RQHV,QRUGHUWRPDLQWDLQDFRPSDUDWLYHO\ORZFHOOFDOFXODWLRQFRDUVHPHVKHVDUHXVHGDORQJWKHOHQJWKRIWKH
GRPDLQDQGILQHPHVKHVQROHVVWKDQVL[FHOOVKDYHEHHQXVHGDPRQJURGWRURGJDSV,QWKHD[LDOGLUHFWLRQWKH
HOHPHQWVZHUHH[WHQGHGWRGHFUHDVHPHVKVL]H6LQFHWKHWRWDOEDVHFDVHPHVKVL]HPLOOLRQHOHPHQWVLV
FORVHUWRWKHKDUGZDUHOLPLWRIPLOOLRQ

6ROXWLRQRI&)'PHWKRGRORJ\

$VHJUHJDWHGVROYHUEDVHGRQWKHSRLQW*DXVV6HLGHOWHFKQLTXHZLWKPXOWLJULG9F\FOHDFFHOHUDWLRQKDVEHHQ
VHOHFWHGIRUWKLVVWXG\*HQHUDWLRQ6XUIDFHWHWUDKHGUDOSULVPDQGH[WUXGHUPHVKLQJPRGHOVKDYHEHHQPRGHOOHG
,QWKHSUHVHQWVWXG\WKHVXUIDFHUHPHVKHUKDVEHHQHPSOR\HGWRUHWULDQJXODWHDQGRSWLPL]HWKHVXUIDFHTXDOLW\
IRUYROXPHPHVKLQJDQGDOVRJHQHUDWHGWKHVXEVXUIDFHIRUWKHSULVPOD\HUPHVKHU7KHXQGHUUHOD[DWLRQIDFWRUV
DUH UHGXFHG IRU PRPHQWXP DQG 5H\QROGV VWUHVVHV  DQG  UHVSHFWLYHO\ WR JHW EHWWHU WKH VROXWLRQ
FRQYHUJHQFH DQG SUHYHQW WRRPXFK MXPSV LQ UHVLGXDOV ,Q RUGHU WRPDNH VXUH IXOO FRQYHUJHQFH UHVLGXDOV IRU
FRQWLQXLW\ PRPHQWXP DQG VWUHVV FRPSRQHQWV DUH FRQYHUJHG EHORZ D YDOXH RI  6HFRQGRUGHU XSZLQG
VFKHPHVKDYHEHHQXVHG IRUGLVFUHWL]DWLRQRIFRQYHFWLYH WHUPV7KH6,03/(DOJRULWKP LV LQXVH IRUSUHVVXUH
YHORFLW\FRXSOLQJ7KHZRUNLQJIOXLG LV VHW WRZDWHUDQG WKHHIIHFWRIJUDYLW\ LVDGGHGIRUFRPSOHWHQHVVRI WKH
FRPSXWDWLRQDOPRGHO HYHQ WKRXJK LWV HIIHFW LV QHJOLJLEOH ,Q DOO VLPXODWLRQV WKH HQWUDQFH DQG H[LW RI WKH IORZ
FKDQQHO LV VLPXODWHG XVLQJ XQLIRUPYHORFLW\ LQOHW RI PV DQGSUHVVXUHRXWOHW ERXQGDU\ FRQGLWLRQV7KH
URGVDUHVHWDVVROLGZDOOVZLWKQRVOLSFRQGLWLRQV7KHYDOXHRIKHDWIOX[LVVHWDVNZP

*HRPHWU\PRGHOLQJ

7KHPLGGOHZDOO DQG FRUQHU VXEFKDQQHOV IRUPLQJ WKH HQWLUH FRPSXWDWLRQDO GRPDLQ RI DWWHQWLRQKDYHEHHQ
PRGHOHG LQGLYLGXDOO\ E\ WKH XVH RI WKH VNHWFK H[WUXGH DQG H[WUXGH FXW WRROV DYDLODEOH LQ 67$5&&0 7KH
µH[WUXGH¶DQG µH[WUXGH FXW¶ WRROV KDYH EHHQ XVHG WR FKDQJH WKH VNHWFK LQWR VROLGV 7KH IOXLG DUHD LV WKHQZHOO
GHILQHGXSRQILQLVKLQJSRLQWRIWKHµVXEWUDFWSDUW¶$IWHUILQGLQJWKHLQOHWRXWOHWDQGVSDFHUJULGOLPLWVWKH'
PRGHOLVXVHGWRFUHDWHDQRYHOJHRPHWU\SDUWZLWKWKHQDPHGSDUWVIRUPGHWDFKVXUIDFHV7KHUHVXOWLQJIOXLGSDUW
LV WKHQ DVVLJQHG WR UHJLRQ ZLWK WKH UHJLRQ PHDQV VHW WR RQH UHJLRQ SHU SDUW DQG WKH ERXQGDU\ PRGH WR RQH
ERXQGDU\SHUSDUWVXUIDFH7KHQHZUHJLRQKDVLWVRZQOLPLWVWKHSDUWVXUIDFHVGHILQLQJWKHLQOHWRXWOHWVSDFHU
JULGDQGIOXLGYROXPH9HORFLW\LQOHWSUHVVXUHRXWOHWDQGQRVOLSZDOOOLPLWVKDYHEHHQDVVLJQHGDQGDJHRPHWU\
YLHZFUHDWHGWRHQDEOHYLVXDOL]DWLRQRIWKHILQDOJHRPHWU\ZKLFKLVDGRSWHGDVVXEVXUIDFHIRUPHVKJHQHUDWLRQ
6LQJOH FRPSRQHQW ZDWHU KDV EHHQ VLPXODWHG DQG FRQWLQXXP LV UHVSRQVLEOH IRU PDQDJLQJ WKH GLIIHUHQW
WKHUPRG\QDPLFDQGWUDQVSRUWSURSHUWLHVDQGSK\VLFDOSURFHVVHVEHLQJPRGHOHGLQWKHFRQWLQXXP

$VVHVVPHQWRIFRPSXWDWLRQDOUHVXOWV

7KH FRPSXWDWLRQDO UHVXOWV DUH FDUULHG RXW XVLQJ VWDQGDUG Nİ WXUEXOHQFHPRGHO RQ DPHVK RI PLOOLRQ
FHOOVXVLQJWKHVHFRQGRUGHUXSZLQGVFKHPH7KHGDWDSUHVHQWHGLQFOXGHVRQIRXUGLIIHUHQWFURVVSODQHVDW
DQG'KGRZQVWUHDPRIWKHVSDFHUVDVVKRZQLQILJDQGYDUDWLRQVRID[LDOYHORFLW\VWDWLFSUHVVXUH
DQGWKH&RQWRXUVRID[LDOYRUWLFLW\GLVWULEXWLRQDWIRXUGLIIHUHQWOLQHV)LJUHVSHFWLYHO\7KHUHVXOWVXVLQJWKLV
PHWKRGRORJ\KDYHEHHQSORWWHGLQGLPHQVLRQDOIRUPDORQJDOLQH\ S)LJZKHUHSLVWKHURGSLWFKS 
 PP 7KH VLPXODWLRQV LQ WKH SUHVHQW ZRUN KDYH EHHQ YDOLGDWHG ZLWK WKH H[SHULPHQWV SHUIRUPHG E\
LQYHVWLJDWRUV>@

9HORFLW\YDULDWLRQ

,WLVVHHQWKDWWKHVLPXODWLRQVKRZVDVLJQLILFDQWGLSRUYDOOH\DWDURXQGPPIDUDZD\IURPWKHLQOHW
FRPSDUHG WR WKH VPRRWKHU YDULDWLRQ RI WKHPHDVXUHG D[LDO YHORFLW\ IRU RWKHU OLQHV DW WKH VDPH ORFDWLRQ 7KLV
YDOOH\H[LVWVDWXSVWUHDPORFDWLRQVOLQHPPLQILJEXWLWGHFD\VGRZQVWUHDPWRDVPRRWKHUYDULDWLRQDVDW
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PP IURP WKH VSDFHU JULGV2ZLQJ WR WKH EHDULQJ RI WKH VROLG ERXQGDU\ WKH IORZ EHKDYLRU LV FRQVLGHUDEO\
GLIIHUHQWIURPIUHHWXUEXOHQWIORZV
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
)LJ&)'VLPXODWLRQGDWDIRUD[LDOYHORFLW\DQGVWDWLFSUHVVXUHRQWKHPDUNHGOLQHVDW
)RXUGLIIHUHQWSRVLWLRQ

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


)LJ9HORFLW\DW\ SLQD[LDOGLUHFWLRQ

,QHUWLDIRUFHVGRPLQDWHLQWKHIORZIDUDZD\IURPWKHERXQGDULHV&ORVHWRWKHERXQGDU\WKHIORZLVDIIHFWHG
E\YLVFRXVHIIHFWVDQGGRHVQRWGHSHQGRQIUHHVWUHDPSDUDPHWHUV)DUDZD\IURPWKHERXQGDULHVZHH[SHFWWKH
YHORFLW\DWDSHDNWREHLQIOXHQFHGE\WKHUHWDUGLQJHIIHFWRIWKHERXQGDULHVWKURXJKWKHYDOXHRIWKHZDOOVKHDU
VWUHVVEXWQRWE\WKHYLVFRVLW\LWVHOI7KHYHORFLW\SURILOHVKRZVDXQLIRUPGLUHFWLRQSURILOHRIWKHYHORFLW\ILHOG
DIWHU KDYLQJ UXQ WKH VSDFHU ZKLFK HOXFLGDWHV WKH HIIHFW RI DYHUDJLQJ 2Q WKH RWKHU KDQG WKH YHORFLW\ SURILOH
GRZQVWUHDPRIWKHVSDFHUJULGVKRZHGDVLPLODUSURILOHWRWKDWVHWXSLQVKHDUIORZDORQJQRVOLSZDOOFRQGLWLRQV
$[LDOYHORFLW\GLVWULEXWLRQVVKRZSHDNSURILOHQHDUWKHH[LWRIWKHXSVWUHDPOHQJWKDQGEHFRPHQHDUO\IODWIXUWKHU


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IURPWKHHQWUDQFHRIWKHVSDFHUEHFDXVHWKHIORZFKDQQHOLVVSOLWHGE\WKHULQJW\SHVSDFHUDQGIULFWLRQDOORVVHV
DUH GLIIHUHQW IURP HDFK FKDQQHO DV VKRZQ LQ)LJ 7KHGLIIHUHQFHEHWZHHQYHORFLW\SURILOHV EHFRPHV DOPRVW
XQLIRUP DQG GHFUHDVHV IXUWKHU IURP WKH GRZQVWUHDPRI WKH VSDFHU7KH XSVWUHDP DQGGRZQVWUHDP D[LDO IORZV
KDYHGLIIHUHQWIORZPHFKDQLVPV7KHD[LDOIORZXSVWUHDPLVGULYHQE\IORZUHGLVWULEXWLRQLQGXFHGE\GLIIHUHQW
VXEFKDQQHOSUHVVXUHORVVFRHIILFLHQW>@ VKRZVOLTXLGILOPIORZUDWHVGHFD\GRZQVWUHDPRIWKHULQJW\SHVSDFHU
DVFRPSDUHGZLWKWKDWXSVWUHDPRILWLQDQODUJHDPRXQWFRQGLWLRQRIOLTXLGILOPE\PHDVXUHPHQWVRIOLTXLGILOP
IORZUDWHVXVLQJDLUDQGZDWHUDV WHVW IOXLGV >@7KH µGULIW¶ IORZHIIHFWFDXVHG LQ WKH UHFRYHU\SURFHVVRI IORZ
VSOLWVGXHWRWKHVSDFHU


)LJ6WDWLFSUHVVXUHDW\ 3LQD[LDOGLUHFWLRQ

3UHVVXUHGURS

:KHQWKHIORZSDVVHVWKHVSDFHUJULGLWDFWDVUHVLVWDQFHDQGUHVXOWLQJGHFUHDVHLQSUHVVXUH)LJ
3UHVVXUHORVVǻ3LVUHODWHGWRWKHIULFWLRQORVVLQWKHURGEXQGOHǻ3%DQGWKHSUHVVXUHGURSDWWKHVSDFHUJULG
ǻ3$DQGQUHSUHVHQWQXPEHURIVSDFHULQWKHIROORZLQJIRUPXOD

ǻ3 ǻ3$Qǻ3%          

7KHYDOXHRIQLVWDNHQDV³XQLW´LQWKHSUHVHQWLQYHVWLJDWLRQ
7KHSUHVVXUHGURSDWWKHVSDFHUJULGLVH[SUHVVHGDV

 3%ൌ ஼ಳఘ௨
మ
ଶ 

:KHUH&% LV WKH ORVVFRHIILFLHQWRI WKHVSDFHUJULG ,QSUHVHQW LQYHVWLJDWLRQ LW LVREVHUYHG WKDW LQXSVWUHDP
]RQHRIEDUHURG= WRPPSUHVVXUHGURSLQFUHDVHVGXHWREXR\DQWIORZSKHQRPHQD,QVSDFHU]RQH= 
 WRPPSUHVVXUHGURS LQFUHDVHVGXH WR UHVWULFWHG IORZ LQ WKH]RQH$IWHU OHDYLQJVSDFHU]RQHFRRODQW
SDVVHVWKURXJKGRZQVWUHDP]RQH= WRPPSUHVVXUHGURSVOLJKWO\LQFUHDVHVDVWKHUHLVQRREVWUXFWLRQ
LQ WKHIORZILHOG7KHSUHVVXUHGURSRIVSDFHUJULGVRIFRXUVHGHSHQGVRQ WKHGHVLJQRI WKHVSDFHUJULGXQGHU
FRQVLGHUDWLRQ+RZHYHUH[SHULPHQWVRQ WKHSUHVVXUHGURSRI VSDFHUJULGVRIGLIIHUHQW OD\RXWV VKRZHG WKDW WKH
SDUWLDOEORFNDJHRIWKHIORZFURVVVHFWLRQLVWKHPDLQSDUDPHWHUZKLFKDIIHFWVWKHSUHVVXUHGURS>@7KHSUHVHQW
741 S.K. Verma et al.  /  Procedia Engineering  127 ( 2015 )  735 – 742 
ORVVFRHIILFLHQWVVKRXOGEHLQDUHDVRQDEOHUDQJHRWKHUZLVHPRUHFDSDFLW\RISXPSLVUHTXLUHG7KLVLVLPSXWDEOH
WRWKHHQHUJ\FRQVXPSWLRQIRUKLJKHUVHFRQGDU\IORZLQWHQVLW\

9RUWLFLW\

7KHPDLQRXWFRPHWKDWWKHULQJW\SHVSDFHUJULGVKDYHRQWKHVWUHDPLQWKHURGEXQGOHLVWKHJHQHVLVRIVHYHUDO
YRUWLFHVZKLFKSUHVXPDEO\HQKDQFHIORZWXUEXOHQFHDQGPL[LQJ)LJVKRZVWKH&RQWRXUVRID[LDOYRUWLFLW\V
 GLVWULEXWLRQ LQ WKH VXEFKDQQHO DW IRXU FKDUDFWHULVWLF GLVWDQFHV ]    'K  'K  'K DQG  'K
GRZQVWUHDPRI WKH VSDFHUV7KHYRUWLFHV LQPLGGOH DUHDRI WKH VXE FKDQQHO )LJ  DUHPDMRUO\ VSDFHUGULYHQ
JHRPHWU\ LQGXFHG0RUHRYHU D LPSRUWDQW SDUW RI WKH VXE FKDQQHO YRUWLFLW\ LQ WKH PLGGOH DUHD LV WXUEXOHQW
+HQFH WKH VL[ FHOOV XVHG LQ WKH SUHVHQW LQYHVWLJDWLRQ EHWZHHQ URGWRURG JDSV DUH VXIILFLHQW IRU FDSWXULQJ WKH
YRUWLFHVDQGWKHLUD[LDOGHFUHPHQWLQDTXDOLWDWLYHPDQQHU
,WLVGHWHUPLQHGIURP)LJWKDWDW'K]YRUWLFLW\ILHOGKDVDUHJLRQRIFHQWHUHGYRUWLFLW\ZLWKDYDOXHRI
V$VZHOO UHDOO\ UHDOFORVH WR WKHVSDFHUVWURQJYRUWLFHVKDYHEHHQGLVFRYHUHGQHDU WKH1RUWK:HVWDQG
6RXWK(DVWZDOORIWKHVXEFKDQQHOZKLFKGHFUHDVHEH\RQG'KDQGVWURQJYRUWLFHVKDYHEHHQREVHUYHGQHDU
WKH6RXWK(DVWZDOORI WKHVXEFKDQQHOZLWKDYDOXHRIVDW'KDQGWKHILQGLQJVRI WKHSUHVHQWVWXG\
)LJDUHFRQVLVWHQWZLWKWKRVHRISRGLODHWDODVVKRZVLQILJ

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



)LJ&RQWRXUVRID[LDOYRUWLFLW\VGLVWULEXWLRQLQVSHFL¿HGVXEFKDQQHODWIRXUORFDWLRQVGRZQVWUHDPRIVSDFHUV3UHVHQWLQYHVWLJDWLRQ
IRU5H 

&RQFOXVLRQV

7KHVLQJOHSKDVH WXUEXOHQWZDWHU IORZWKURXJKDKRUL]RQWDO[URGEXQGOHZLWKULQJW\SHVSDFHUVKDVEHHQ
LQYHVWLJDWHGXVLQJ6WDU&&0%DVHGRQWKHVLPXODWLRQUHVXOWVDQGFRPSDULVRQZLWKWKHH[SHULPHQWVRI>@WKH
IROORZLQJFRQFOXVLRQVKDYHEHHQGUDZQ
x 7KHVLPXODWLRQUHVXOWVVKRZWKDWDOOWKHOLQHVSUHGLFWVVLPLODUD[LDOIORZSDWWHUQEHWZHHQWKHVXEFKDQQHOVLH
WKHVWURQJUDGLDOIORZIURPWKHZDOOWRWKHVXEFKDQQHOV%DVHGRQWKHJRRGFRQVLVWHQFHLQWKHSUHGLFWHGEXON
SDUDPHWHUVWKH&)'FDOFXODWLRQLVXVHGWRSURYLGHWKHEXONIORZSDUDPHWHUVZKLFKZHUHQRWPHDVXUHGLQWKH
H[SHULPHQW DQG WR KHOS WKH FRUUHODWLRQ HYDOXDWLRQ 7KH IORZ SURILOHV REWDLQHG IURP WKH PRGHOV KDYH D

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UHDVRQDEOH VLPLODULW\ LQ WKH VXE FKDQQHOV ,W LV VKRZQ WKDW WKH Nİ PRGHO LV DQ DSSURSULDWH FKRLFH LQ WKH
SUHGLFWLRQVWRDFKLHYHVXEFKDQQHOIORZSDWWHUQVVHHQLQSUHYLRXVZRUNV>@
x 7KHYHORFLW\RIFRRODQWJUDGXDOO\LQFUHDVHVEHIRUHIORZLQJLQWRWKHJULGVDQGUHDFKWKHPD[LPXP7KHIORZ
XSVWUHDPLVGULYHQE\IORZUHGLVWULEXWDWLRQLQGXFHGE\GLIIHUHQWVXEFKDQQHORISUHVVXUHORVVFRHIILFLHQW
x 7KHJHQHUDWLRQRIYRUWLFHVSUHVXPDEO\HQKDQFHIORZWXUEXODQFHDQGPL[LQJ7KHHYROXWLRQRIYRUWLFHVLQ
HDFKVXEFKDQQHOKDVEHHQH[DPLQHGE\LQVSHFWLRQRIYRUWLFLW\FRQWRXUVLQWUDQVYHUVHSODQHV
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

)LJ&RQWRXUVRID[LDOYRUWLFLW\GLVWULEXWLRQLQVSHFLILHGVXEFKDQQHODWIRXUORFDWLRQVGRZQVWUHDPRI
VSDFHUV>@
7KHSUHGLFWLYHFDSDELOLW\RIWKHSUHVHQWWHFKQLTXHFDQEHDPHOLRUDWHGE\XVLQJDGHQVHUPHVKDORQJWKHIORZ
GLUHFWLRQDQGRQVSDFHU LQFRQMXQFWLRQZLWK WKHVWDQGDUGNİPRGHO,QSDUOLDPHQWDU\ ODZRIVXSSRUW WKHDERYH
PHQWLRQHGUHVXOWVWKHDXWKRUVDUHLQYHVWLJDWLQJH[SHULPHQWDOO\WKHOLTXLGILOPFKDUDFWHULVWLFVGRZQVWUHDPRIWKH
PLPLFVSDFHUVLQDVTXDUHFKDQQHODVLQWHJUDOWHVWV

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